ABSTRACT
INTRODUCTION
 16 
17
Kawasaki disease is an acute systemic vasculitis of unknown cause that mainly affects infants and 18 children [1] . Coronary artery lesions (CAL) are one of the most important complications of this disease, 19 and an intravenous immunoglobulin (IVIG) therapy resistance is one of the most important factors for CAL 20 development during the acute phase of Kawasaki disease [2] . IVIG resistance was defined if either the 21 fever persisted or reappeared at 24 hours after first-line treatment. However, the rescue therapies for 22 IVIG-resistant patients and their guiding parameters have not yet been established [3] . 23
A previous study showed that neutrophil counts and C-reactive protein (CRP) values might be useful for 24 guiding rescue therapy [4] . Recent studies have demonstrated the usefulness of the neutrophil to 25 lymphocyte ratio (NLR) for risk stratification after initial IVIG therapy in Kawasaki disease [3, 5] . 26
A previous study disclosed that anti-inflammatory drugs, including aspirin, appeared to have a negative 27 impact on the suppressive effects of initial IVIG therapy for CAL development during the acute phase of 28 Kawasaki disease; moreover, the study showed that an initial, single IVIG therapy dose with a delayed 29 use of anti-inflammatory drugs (DUA) might be effective for CAL suppression [6] . A recent study regarding 30 this regimen reported its safety and efficacy for the suppression of CAL development caused by 31
Kawasaki disease [7] . 
Statistical Analysis

78
Statistical analyses were performed with StatFlex Version 6 for Windows (Artech Co., Ltd., Osaka, 79 Japan). Chi-square, Fisher's exact, Mann-Whitney U, and Kruskal-Wallis tests were used as appropriate 80 under sample size considerations. To determine the cut-off value of each parameter, receiver operating 81 characteristic curves were used. Logistic regression analysis was used to determine independent 82 predictor for rescue group. A value of P < .05 was considered statistically significant. 83 84
RESULTS
85
The clinical features regarding sex, age of onset, prevalence of incomplete types, and the sampling day 86 of illness were similar among the three groups ( Table 1) . The neutrophil counts, neutrophil %, NLR, and 87 CRP values before initial IVIG therapy were significantly different among the three groups (Table 1) . 88 The time until defervescence was significantly different among the three groups; the rescue group 105 patients had the longest periods from the onset of the disease and from the initial IVIG therapy (Table 2 ). 106
The neutrophil counts, neutrophil %, NLR, CRP values after initial IVIG therapy, as well as the ratios of 107 each, were also significantly different among the three groups (Table 2 ). 108 109 The CRP ratio had the highest sensitivity and specificity for the rescue group among the abovementioned 123 parameters based on the analytical results using receiver operating characteristic curves (Table 3) . 124
Furthermore, the logistic regression analysis showed that only the CRP ratio was an independent 125 predictor for the rescue group among the parameters, including neutrophil counts, neutrophil %, NLR and 126 CRP value after initial IVIG therapy, as well as the ratio of each parameter, defined as the ratio of the 127 values after/before initial IVIG therapy (Table 4) . 128 129 The highest cut-off value of the CRP ratio, which had 100% sensitivity for the rescue group, was 0.51, 144 with a specificity of 86.7%. 145 146
One patient in the rescue group had the highest NLR value (12.65) on day 8 of illness and still had CAL 147 after 30 days of illness (Table 2) . This patient had CAL on day 8, and this 2-year-old girl received plasma 148 exchange for three days, beginning on day 9, at the Hirosaki University School of Medicine hospital. Her 149 CAL diameters of the right proximal artery were 4.8 and 2.9 mm on days 21 and 40, respectively, of her 150 illness. However, echocardiography on day 52 of her illness showed regression of CAL and a normal 151 internal coronary artery size. The selective coronary arteriogram performed at 7 months after disease 152 onset revealed no abnormal findings. 153 154
DISCUSSION
156
This study identified the usefulness of the CRP ratio as a parameter for guiding rescue therapy for initial 157 IVIG resistance. The establishment of this parameter is important for the suppression of CAL 158 development caused by Kawasaki disease. 159
The early and definite determination of likely IVIG-resistant patients is still a challenge [9] . A previous 160 study revealed that an increase in the CRP value after initial IVIG therapy was useful for the prediction of 161 CAL [10] . Furthermore, a recent study showed that the lessened decrement of the NLR before and after 162 IVIG therapy was significantly demonstrated in coronary artery abnormalities [11] . These studies suggest 163 that using both parameters before and after initial IVIG therapy may be useful for identifying IVIG-164 resistant patients who require rescue therapies to reduce the development of CAL. 165
In this study, the parameters before and after initial IVIG therapy were investigated, and the logistic 166 regression analysis results showed a statistically significant relationship between the ratio of CRP values 167 and the rescue therapies. Moreover, the CRP ratio had the highest sensitivity and specificity for the 168 rescue group. A previous study showed the usefulness of using CRP values before and after initial IVIG 169 therapy during the period prior to the utilization of the 2g/kg regimen [10] . This study identified the 170 usefulness of CRP values among patients who received an initial 2g/kg/dose of IVIG therapy, which is the 171 global standard at present. 172
The prevalence of IVIG-resistant patients receiving rescue therapies was 8.6% (15/174). This value was 173 lower than the recent nationwide survey of Kawasaki disease in Japan (16%) and a recent Korean study 174 which used IVIG therapy with the delayed use of aspirin (11.7%) [11, 12] . In the present study, the 175 prevalence of CAL after 30 day of illness was 0.6% (1/174). This value was lower than the recent 176 nationwide survey of Kawasaki disease in Japan (3%) [12] . Furthermore, the prevalence of CAL larger 177 than 5 mm in size was 0% (0/174). This value was lower than that of the recent Korean study (1.0%) [11] . 178 Therefore, the decision to use rescue therapy in this study might be appropriate based on given the 179 prevalence of the rescue therapy for IVIG-resistant patients and of CAL development. These findings 180 suggest the usefulness of the CRP ratio as an appropriate guide for rescue therapies. The fever duration 181 and the parameters regarding neutrophil counts and CRP values suggest that patients in the rescue 182 group had the highest risk for CAL development among the three groups. Therefore, the use of the 183 highest cut-off value (0.51) of the CRP ratio, which had 100% sensitivity, for the rescue group may be 184 both safe and effective. 185 A recent study using multivariate analysis revealed that the NLR after IVIG therapy independently 186 predicted coronary artery aneurysm development and IVIG therapy resistance [5] . In the present study, 187 the NLR was not an independent predictor for the rescue group. However, only one patient with CAL after 188 day 30 of illness had the highest NLR value after initial IVIG therapy. 
